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This presentation will provide an overview of the load applied on the residuum of transfemoral amputees 
fitted with an osseointegrated fixation during (A) rehabilitation, including static  and dynamic load bearing 
exercises (e.g., rowing, adduction, abduction, squat, cycling, walking with aids) [1-10], and (B) activities 
of daily living including standardized activities (e.g., level walking in straight line and around a circle,  
ascending and descending slopes and stairs)[11-13] and activities in real world environments [14-17].  
 
A particular emphasis will be placed on the outcomes of several studies for an evidence-based design of 
the rehabilitation program and components of the fixation (e.g., implant, abutment)[6-7, 9, 16, 18-23].  
 
It is anticipated that this work might contribute to the current effort aiming at shortening the rehabilitation 
program and reducing the incidence of replacement of abutments [23-26].     
 
 
Figure 1. Overview of Osseointegrated 
Prosthesis for Rehabilitation of Amputees 
(OPRA) relying on a fixation (A) including an 
implant (B) inserted into the femur (C) as well 
as an attachment unit (D) made of an abutment 
(E) penetrating the skin (F) of the residuum (G) 
and a retaining bolt (G).  
 
 
 
 
Figure 2. Measurement of loading 
including a six-channel transducer 
(A) mounted between plates (B) 
connected to an adaptor (C) and the 
abutment of the osseointegrated 
fixation (D), and a long pylon (E), a 
frame (G), and a weighing scale (F).  
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Figure 3. Side (left) and front (right) views of the 
prosthetic limb including a multi-axial transducer 
(A) mounted to designed adaptors (B) that were 
positioned between the Rotasafe (C) and the 
abutment (D), and the knee mechanism (E).  
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Lee et al. Kinetics of transfemoral amputees fitted with osseointegrated fixation 
performing common activities of daily living. 2007. Clinical Biomechanics. 22 (6). p 665-
673
 Walking DownSlope Upslope DownStairs Upstairs Circle 
FAP- (N) -74 (36) -93 (44) -53 (34) -137 (98) - -69 (29) 
FAP+ (N) 101 (19) 87 (29) 90 (25) - 74 (20) 84 (27) 
FML+ (N) 89 (35) 79 (22) 93 (39) 53 (14) 76 (30) 93 (34) 
FL1 (N) 671 (139) 699 (149) 697 (153) 587 (157) 769 (171) 706 (165) 
FL2 (N) 675 (138) 660 (146) 704 (144) 649 (112) 715 (170) 703 (148) 
MAP+ (Nm) 21 (10) 25 (9) 22 (8) 18 (8) 19 (8) 27 (9) 
MML+ (Nm) 9 (10) - 17 (12) - 10 (14) 11 (11) 
MML- (Nm)
 -20 (9) -30 (20) -20 (9) - - -18 (6) 
ML+ (Nm) 3.7 (1.2) 5.3 (2.7) 3.2 (1.7) 5.3 (3.6) 3.0 (1.1) 3.8 (1.7) 
ML- (Nm) 5.0 (2.0) -3.8 (1.3) -6.3 (2.5) -3.5 (1.0) -3.7 (1.2) -5.4 (1.2) 
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locomotion
Localised 
locomotion
Stationary 
loading
Inactivity Total
Occurrence (#) 67 51 33 21 172
(%) 39 30 19 12 100
Duration (hrs) 0.89 0.66 0.21 3.10 4.87
(%) 18 14 4 64 100
Periods of activity
Periods of ambulation
Frossard et al. Categorisation of activities of daily living of lower limb amputees during 
short term use of a portable kinetic recording system: a preliminary study. Submitted to 
Journal of Prosthetics and Orthotics. 
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Directional 
locomotion
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locomotion
Stationary     
loading
Inactivity
Median 315.68 -3.00 11.38 -12.44
Minimum -181.30 -142.22 -107.85 -102.26
Maximum 157.36 123.52 67.60 106.84
Median -40.65 -34.47 -28.19 -5.19
Minimum -170.27 -154.38 -102.78 -51.20
Maximum 25.63 19.13 16.88 40.41
Median 295.73 335.03 335.75 -17.71
Minimum -83.67 -61.31 -64.67 -63.69
Maximum 1005.41 883.97 825.90 588.20
Median -8.25 -6.42 -4.52 -0.55
Minimum -32.25 -98.76 -24.55 -19.34
Maximum 15.35 13.00 11.77 4.89
Median 8.54 5.94 3.77 0.02
Minimum -9.88 -10.07 -4.87 -7.75
Maximum 50.83 60.18 30.25 20.56
Median -0.79 -1.11 -0.13 1.13
Minimum -13.32 -7.24 -5.65 -16.64
Maximum 11.77 8.42 7.94 17.94
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short term use of a portable kinetic recording system: a preliminary study. Submitted to 
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Antero-posterior 9 11 12 6 17
Medio-lateral 162 89 80 20 351
Long 1,069 745 107 227 1,935
Resultant 1,214 767 268 230 2,479
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Lee et al. FE stress analysis of the interface between the bone and an osseointegrated 
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Biomechanics. 23 (10). p 1243-1250
Stress analysis of bone – implant interface
Measure and results
Dynamic
Static
Aids
Re
ha
b
A
D
L
Standard
Real world
Fall
O
th
er FE
6
Months post-op
9
12
18
Thompson et al. Evaluating the Mechanical Behaviour of two Ossoeintegrated
Transfemoral Implant Systems using 3D Digital Image Correlation when Loaded in 
Bending. ISPO 2010
Modelisation of tightening torque
Measure and results
Dynamic
Static
Aids
Re
ha
b
A
D
L
Standard
Real world
Fall
O
th
er FE
Validation
6
Months post-op
9
12
18
Dumas et al. Load during prosthetic gait: is direct measurement better than inverse 
dynamics? 2009. Gait and Posture. 30 (2). p S86-S87. DOI: 
10.1016/j.gaitpost.2009.08.128
2 1
2 1
→
→
−
−
F
M
2 2
2 2 2 2 2
m


a
Iα +ω× Iω
3 2
3 2
→
→



F
M
2m


g
0
Inverse dynamics - Efforts at the knee joint
Measure
Dynamic
Static
Aids
Re
ha
b
A
D
L
Standard
Real world
Fall
O
th
er FE
Validation
6
Months post-op
9
12
18
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